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SPECIFICATION 



Electronic Version 1 .2.8 
Stylesheet Version 1 .0 

[OBJECT DETECTION IN 
ADAPTIVE CRUISE CONTROL] 

Cross Reference To Related Applications 

The present invention is related to U.S. Patent Application (Attorney Docket 199- 
1938) entitled "Ramp Detection in Adaptive Cruise Control" filed simultaneously 
herewith and incorporated by reference herein. 

Background of Invention 

[0001 ] TECHNICAL FIELD 

[0002] The present invention relates generally to vehicle adaptive cruise control systems, 
and more particularly to a method and apparatus for adjusting vehicle speed and 
inhibiting vehicle resume speed in response to object detection and road curvature. 

[0003] BACKGROUND OF THE INVENTION 

[0004] Adaptive Cruise Control (ACC) has reached a level of technical and business 

readiness such that it is beginning to appear in the consumer market as a comfort and 
convenience system. Consumer technical enthusiasm for ACC has increased because 
of their interest in intelligent vehicles and systems such as collision warning and 
collision avoidance. ACC performs as an enhancement to traditional cruise control by 
automatically adjusting a set speed, which is set by the vehicle operator, to allow a 
vehicle to adapt to moving traffic. 

[0005] 

Under normal driving conditions the ACC system is engaged with a set speed 
equal to a maximum autonomous speed that is desired by the operator and the ACC 
system operates in a conventional cruise control mode. When the vehicle approaches 
traffic, the ACC system automatically adjusts the set speed to follow the traffic at a 
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desired headway distance. When the traffic clears or the vehicle changes lanes the 
ACC system slowly resumes the speed of the vehicle to the set speed. When the 
vehicle approaches slow traffic the ACC system is automatically disengaged and the 
operator manually follows slower vehicles in the slow traffic. When the slow traffic is 
no longer in front of the vehicle the operator pushes the resume button and the ACC 
system accelerates the vehicle back to the set speed. 

[0006] Current ACC systems are unable to reliably classify stopped objects to the degree 
necessary to actively cause a vehicle to brake in the presence of stopped objects. The 
stopped objects may be impending when the vehicle is passing a target vehicle or 

k 

I when the vehicle is changing lanes. The current ACC system therefore relies on the 

S 

operator to stop the vehicle. The stopped object may be another vehicle or some other 
I object. Objects such as bridges, signs, guardrails, and construction barrels that 

overhang or are near a road edge are also not detected by the ACC system. Since, the 

"ii 

1 ACC system does not detect stopped objects the ACC system may interpret the 

J stopped object as though the road in front of the vehicle is clear and attempt to attain 

E the resume speed. Just as in any cruise control system driver intervention may be 

I required. 

[0007] As may be expected path prediction of traditional ACC systems generally classifies 
close objects, less than 50 meters, very well during normal driving conditions in which 
road curvature is very slow such as highway type roads. However, as the range 
increases beyond 90 to 100 meters fundamental assumptions of the yaw rate 
prediction become less statistically valid and may result in misclassifications. As the 
operated vehicle is following a target vehicle the ACC system radar field may not be 
continuously directed at the target vehicle, therefore not detecting the target vehicle 
and begin to accelerate the vehicle. Also "driver hunting" as in transitional maneuvers 
such as in lane changes and entry and exit conditions become more pronounced. 
Misclassifying objects is more evident with roadside clutter, which can cause the ACC 
system to interpret the roadside clutter as in-path targets at longer ranges. 

[0008] 

Traditional ACC systems were designed to only react to moving targets presented 
by normal traffic under extended cruise control operation, thereby, compromising the 
goals of a collision warning or avoidance system. The current statistical nature of the 
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path prediction in ACC systems can potentially be annoying to the operator of the 
vehicle by alerting the operator in unnecessary conditions and applying vehicle brakes 
or accelerating the vehicle in unwarranted situations. 

[0009] It would therefore be desirable to develop an ACC system that correctly classifies 
stopped objects. It would also be desirable for the ACC system to correctly classify 
objects during operation on a curved road. Correctly classifying objects in various 
road conditions may increase the success of ACC systems in the consumer market and 
also increase the collision warning capabilities of a vehicle. 

Summary of Invention 

[001 0] The forgoing and other advantages are provided by a method and apparatus of 
adjusting vehicle speed and inhibiting vehicle resume using a control system. A 
control system for an automotive vehicle is provided including a controller. The 
controller is electrically coupled to a radar system and a navigation system. The radar 
system detects an object and generates an object profile. The navigation system 
generates a navigation signal. The controller in response to the object profile and the 
navigation signal generates a predicted future path profile and inhibits resume speed 
of the automotive vehicle in response to the predicted future path profile. 

One additional feature of the invention is that the controller may also be 
electrically coupled to a yaw rate sensor. The yaw rate sensor senses the yaw rate of 
the vehicle and generates a yaw rate signal. The controller in response to the yaw rate 
signal inhibits resume speed of the automotive vehicle. 

The present invention has several advantages over existing ACC systems. One 
advantage of the present invention is that it has the ability to decelerate a vehicle 
upon approaching a stopped object. 

[001 3] Yet another advantage of the present invention is that it prevents false 

accelerations on curved roads when the radar system may not detect an object in the 
future path of the vehicle. 

[0014] 

Additionally, the present invention prevents automatic resume when a stopped 
object is in the future path of a vehicle. Therefore, collision avoidance is enhanced by 
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reducing the amount of false automatic resume cycles. 

Brief Description of Drawings 

[001 5] For a more complete understanding of this invention reference should now be had 
to the embodiments illustrated in greater detail in the accompanying figures and 
described below by way of example. 

[001 6] Figure 1 is a block diagrammatic view of a control system according to an 
embodiment of the present invention. 

[001 7] Figure 2A is a placement diagrammatic view of a stopped object scenario 

illustrating a vehicle using an adaptive cruise control (ACC) system approaching a 
series of stopped vehicles. 

[001 8] Figure 2B is a placement diagrammatic view of a stopped object scenario 

illustrating a vehicle using an ACC system passing a target vehicle and approaching a 
stopped object. 

[001 9] Figure 2C is a placement diagrammatic view of a stopped object scenario 

illustrating a vehicle using an ACC system tracking a target vehicle that is switching 
lanes and approaching a stopped object. 

[0020] Figure 3 is a placement diagrammatic view of a vehicle operating on a curved road 
and utilizing a control system in accordance with an embodiment of the present 
invention. 

[0021] Figure 4 is a graph representing an example of operator behavior, which in overall 
closely reflects road geometry according to the present invention. 

[0022] Figure 5 is a flow chart illustrating a method of adaptively adjusting vehicle speed 
in accordance with an embodiment of the present invention. 

Detailed Description 

[0023] 

While the present invention is described with respect to an apparatus and method 
for adaptively adjusting the speed of an automotive vehicle using a control system the 
following apparatus and method is capable of being adapted for various purposes and 
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is not limited to the following applications: cruise control systems, forward collision 
warning systems, collision avoidance systems, vehicle systems, or other systems that 
may require adaptive speed control. 

[0024] in the following description, various operating parameters and components are 
described for one constructed embodiment. These specific parameters and 
components are included as examples and are not meant to be limiting. 

[0025] Referring now to Figure 1 , a block diagrammatic view of a control system 20 
located in an automotive vehicle 22 according to an embodiment of the present 
invention is shown. 

[0026] The system 20 includes a vehicle controller 24 that is preferably microprocessor- 
based. Controller 24 is illustrating having a memory 26 therein for storing information 
related to vehicle position, object detection, and vehicle characteristics. However, 
memory 26 may also be a separate component. The controller 24 receives signals 
from several sensors and systems. 

[0027] The controller 24 receives a detected object profile from a detection system 28. 
Although the detection system 28 of the present invention is radar based the 
detection system 28 may be laser based, infrared based, x-ray based, or based off 
other detection methods known in the art. The object profile consists of an object 
location relative to the vehicle 22 and a road the vehicle 22 is being operated on. The 
object profile also consists of distance between the object and the vehicle 22 and the 
speed of the object relative to the speed of the vehicle 22. 

[0028] The controller 24 measures the yaw rate of the vehicle 22 using a yaw rate sensor 
30, which represents the level of curvature of a road that the vehicle 22 is being 
operated on. A curved road may be an entrance ramp, an exit ramp, or other curved 
road. 

[0029] The controller 24 also determines the velocity of the vehicle 24 using a speed 
signal provided by speed sensor 32. Although the speed sensor is illustrated as a 
single sensor, various numbers of sensors may be employed. A suitable speed sensor 
employs four sensors located at a respective wheel. The speed of the vehicle may be 
obtained therefrom in a known way similar to that of an anti-lock braking system. 
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[0030] Additionally, the controller 24 receives a navigation signal from a navigation 

system 34. The navigation signal includes vehicle position and location as determined 
by a Global Positioning System 36. The navigation signal may also include but is not 
limited to: vehicle position, speed category, future vehicle path, landmark location, 
road curvature, overhead object location, bridge location, construction zone, number 
of lanes, road type, road inclination, road conditions or other data that may effect 
whether to adjust the speed of the vehicle. 

[0031] The controller 24 in response to the object profile, the yaw rate, the speed of the 
vehicle 22, and the navigation signal determines an operating mode of the system 20. 
Some of the operating modes are as follows: follow mode, cruise mode, auto resume 
mode, or inhibit resume mode. Follow mode is when the system 20 is continuously 
adjusting the speed of the vehicle 22 to remain a headway or predetermined distance 
from a target vehicle in the future path of the vehicle 22. During cruise mode the 
system 20 is continuously adjusting the speed of the vehicle 22 to remain at a set 
speed. During auto resume mode the system 20 is slowly accelerating the vehicle 22 
to a set speed. During inhibit resume mode the system 20 is not accelerating the 
vehicle 22. After determining the system 20 operating mode, the system 20 using the 
vehicle accelerator 38 or brakes 40 adjusts the speed of the vehicle 22 accordingly. 
The system 20 may use the vehicle accelerator 38 or may use a mechanical or 
electrical throttle control device in adjusting the speed of the vehicle 22. The 
controller 24 may use a warning system 42 to alert the operator of impeding objects 
in response to the object profile, the yaw rate, the speed at the vehicle, the navigation 
signal, and the operating mode. 

[0032] Referring now to Figure 2A, a placement diagrammatic view of a stopped object 
scenario illustrating the vehicle 22 using the system 20 approaching stopped traffic 
43 is shown. Unlike current ACC systems, the system 20 of the present invention is 
able to reliably classify stopped objects for ACC to the degree necessary to actively 
cause the vehicle 22 to brake in the presence of stopped traffic 43. 

[0033] 

Referring now to Figures 2B and 2C, a moving target 44 is either being passed or 
is changing lanes and reveals a stopped object 46. The stopped object 46 may be 
another vehicle 46, as shown, or some other object. The vehicle 22 is moving at 
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speeds below a set speed, as the vehicle 22 approaches and detects the stopped 
object 46. The system 20, using brakes 40, reduces the speed of the vehicle 22 as to 
remain a headway distance from the pending stopped object 46 in contrast to current 
systems that may not detect the stopped object and proceed to auto resume mode. 

[0034] Referring now to Figure 3, an example of vehicle 22 operating on a curved road 50 
following a target vehicle 52 and utilizing an system 20 in accordance with an 
embodiment of the present invention in shown. The controller 24, using the yaw rate 
sensor 30, measures the present rate of curvature of the road 50 and assumes that 
the curvature of the road 50 to follow is curving at the same rate. Other road 
conditions including speed category, number of lanes, or road inclination may also be 
assumed to remain constant. Note the navigation system 34 may be utilized to 
provide a more accurate future road path prediction. As the target vehicle 52 moves 
out of the radar beam 54, the system 20 stops detecting the target vehicle 52 and 
instead of resuming to a set speed, the controller 24 inhibits resume speed of the 
vehicle and maintains a hold speed equal to the present driving speed until the yaw 
rate is below a predetermined value in inhibit resume mode. Inhibit resume mode, as 
described above, allows the vehicle to reasonably predict straight roads and steady 
state curves. However, during transitional maneuvers such as entry and exits into 
curves and lane changes, the projected path of the vehicle 22 is likely to be 
inaccurate. On the other hand, since transitional maneuvers are only relatively short in 
duration, the inaccuracies do not result in radical behavior of the system 20 but may 
lead to momentary accelerations which may again be minimized or removed by 
utilizing the navigation system 34 as described above. 

[0035] Referring now to Figure 4, a graph representing an example of operator behavior, 
which overall closely reflects road geometry according to the present invention, is 
shown. Vehicle operators tend not to follow a road's true shape, which is referred to 
as "driver hunting", and create their own driving pattern represented by curve 60 for 
various reasons. The deviation from the road's true shape in addition to driver hunting 
directly effects the yaw rate and estimated curvature prediction of the system 20. 
Although, at any instant in time, the yaw rate measured may not accurately represent 
the actual road curvature, on average, the driving pattern statistically reflects the 
geometry of the road represented by curve 62. The controller 24 accommodates for 
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the measured yaw rate inaccuracies by, as stated above, suspending or inhibiting the 
automatic resume function of the system 20 when the yaw rate is above a 
predetermined value, which corresponds to a lateral acceleration threshold. The lateral 
acceleration that automatically inhibits resume speed of the vehicle is computed 
according to: 

[0036] a, = u*r 
lat 

[0037] where u is vehicle speed and r is yaw rate. A lookup table may be also used to 

determine the lateral acceleration threshold in response to vehicle speed and yaw rate. 
The resulting lateral acceleration threshold is used to limit vehicle acceleration in 
resume mode. Therefore, the system 20 holds a steady state through the curvature in 
the road when the target vehicle 52 is no longer detected. Since operators prefer not 
to accelerate on curved stretches of road, the system 20 is predictable in that it 
maintains a hold speed throughout the curve, thereby, providing comfort for the 
operator. 

[0038] Referring now to Figure 5, a flow chart illustrating a method of adaptively 

adjusting vehicle speed in accordance with an embodiment of the present invention is 
shown. The primary reason for introducing stopped objects into the system 20 is the 
desire to evolve the system 20 towards having collision warning functionality. 

[0039] In step 1 00, the system 20 detects a "new" object in the radar beam 54. The 

controller 24 behaves conservatively until a potential threat is statistically classified as 
real or a false alarm. The system 20 is continuously adjusting the speed of the vehicle 
22 as to maintain a safe operating distance from an object in the future path of the 
vehicle 22. The object may be but not limited to: a vehicle, a stopped object, a moving 
object, a bridge, construction equipment, a sign, an animate or inanimate object, or 
other object. The system 20 proceeds to step 1 02 when an object has been detected. 

[0040] 

In step 1 02, the controller 24 determines whether the object is a valid moving 
target (another moving vehicle). If the object is a valid moving target step 1 04 is 
performed. In step 104, the system 20 is operating in follow mode. During follow 
mode the system 20 is continuously adjusting the speed of the vehicle 22 as to 
maintain a predetermined distance from the target vehicle in the future vehicle path of 
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vehicle 22. Of course, the maximum speed the system 20 accelerates the vehicle 22 to 
during follow mode is the set speed. The controller 24 continues to step 108 
simultaneously while maintaining follow mode operation. In step 108, the controller 
24 monitors the radar beam 54 for a new object. When a new object is detected step 
1 10 is performed, to inhibit resume speed of the vehicle 22, otherwise the controller 
24 proceeds to step 109. Step 108 and step 109 are performed iterative ly with step 
104. The controller 24 while maintaining follow mode continues to step 109 when a 
new object is not detected. In step 1 09, the controller 24 determines whether the valid 
target is still in the radar beam 54. While the target vehicle is in the radar beam 54 the 
system 20 remains in follow mode, unless a new object is detected or the yaw rate is 
1 above a predetermined value, otherwise the controller 54 performs step 1 06. 

! 

r [0041] 

I Referring back to step 1 02 if a valid moving object is not detected or a valid target 

I 

I is not in the beam in step 1 09 then step 1 06 is performed. In step 1 06, the controller 

24 determines whether the future path profile of the vehicle 22 is positive. The future 

I 

j path profile may include the following information: object profile, yaw rate, street 

category, upcoming future road paths or other related information. In order for the 

I future path profile of the vehicle 22 to be positive, the system 20 no longer detects an 

object in the future path of the vehicle 22 and the yaw rate is below a predetermined 
value. When an object is detected in radar beam 54, the controller 24 determines 
whether the object is a moving object or a stopped object, the location of the object 
relative to the vehicle, and adjusts the speed of the vehicle accordingly. Note the 
controller 24 may use the object profile to not only determine the location of the 
object but also to determine whether the object is a potential hazard such that step 
1 1 0 should be performed. When the object is small and insignificant and the yaw rate 
is below a predetermined value, the future path profile is positive, step 1 12 is 
performed. In step 1 1 0, the system 20 inhibits resume speed of the vehicle 22 to the 
set speed. This is referred to as inhibit resume mode. The vehicle 22 may maintain a 
hold speed as on a curved road or may decelerate the vehicle 22 to prevent the vehicle 
22 from colliding with the detected object. Deceleration due to false object detection 
using the present invention may occur only for small changes in throttle command, 
which are effectively filtered out by the inertia of the vehicle 22 and therefore not 
noticed by the operator. The controller 24 may use the warning system 42 to alert the 
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operator of the impeding object. The warning system 42 allows the operator to have 
ample time to react when necessary. The controller 24 continuously returns to step 
1 06 to monitor whether the vehicle 22 future path profile is positive or negative. The 
controller 24 remains in inhibit resume mode while the vehicle future path profile is 
negative. 

[0042] Referring again to step 1 06, when the future path profile is positive step 1 1 2 is 

performed. In step 112, the controller 24 compares the present vehicle speed with the 
set speed. When the present vehicle speed is less than the set speed, step 114 is 
performed, otherwise step 116 is performed. In step 116, the system 20 is operating 
in cruise mode. During cruise mode the controller 24 is operating the vehicle 22 at a 
maintained velocity equal to the set speed. During cruise mode as with other modes 
of operation the system 20 is continuously monitoring the future path of the vehicle 
22 for new objects, which would cause the controller 24 to return to step 1 00. Of 
course, cruise mode may be canceled manually by the operator as known in the art. 

[0043] Referring again to step 1 1 2, when the present vehicle speed is less than the set 
speed, step 1 14 is performed. In step 1 14, the controller 24 determines whether a 
new object has been detected. When a new object has been detected the controller 24 
returns to step 1 00 otherwise step 1 1 8 is performed. In step 1 1 8, the system 20 is 
operating in auto resume mode when the vehicle speed is below a set speed and a 
new object is not detected. During auto resume mode the controller 24 slowly 
accelerates the vehicle 22 to the set speed. The controller is continuously returning to 
step 1 1 2 until the present vehicle velocity is equal to the set speed or a new object is 
detected in step 1 1 4. 

[0044] Implementation of inhibit resume mode during object detection and road 

curvature provides an additional safety enhancement to traditional cruise control 
systems. The present invention introduces stopped objects and situational awareness 
information into a control system in a useful manner that enhances operator comfort 
and safety without detracting from current performance standards. 

[0045] The above-described method, to one skilled in the art, is capable of being 

adapted for various purposes and is not limited to the following applications: cruise 
control systems, forward collision warning systems, collision avoidance systems, 
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vehicle systems, or other systems that may require adaptive speed control. The 
above-described invention may also be varied without deviating from the true scope 
of the invention. 
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